Objective: To assess the sensitivity and specificity of flow-volume curves in detecting central airway obstruction (CAO), and to determine whether their quantitative and qualitative criteria are associated with the location, type and degree of obstruction. Methods: Over a four-month period, we consecutively evaluated patients with bronchoscopy indicated. Over a one-week period, all patients underwent clinical evaluation, flow-volume curve, bronchoscopy, and completed a dyspnea scale. Four reviewers, blinded to quantitative and clinical data, and bronchoscopy results, classified the morphology of the curves. A fifth reviewer determined the morphological criteria, as well as the quantitative criteria. Results: We studied 82 patients, 36 (44%) of whom had CAO. The sensitivity and specificity of the flow-volume curves in detecting CAO were, respectively, 88.9% and 91.3% (quantitative criteria) and 30.6% and 93.5% (qualitative criteria). The most prevalent quantitative criteria in our sample were FEF50%/FIF50% ≥ 1, in 83% of patients, and FEV1/PEF ≥ 8 mL . L −1 . min −1 , in 36%, both being associated with the type, location, and degree of obstruction (p < 0.05). There was concordance among the reviewers as to the presence of CAO. There is a relationship between the degree of obstruction and dyspnea. Conclusions: The quantitative criteria should always be calculated for flow-volume curves in order to detect CAO, because of the low sensitivity of the qualitative criteria. Both FEF50%/FIF50% ≥ 1 and FEV1/PEF ≥ 8 mL . L −1 . min −1 were associated with the location, type and degree of obstruction.
Introduction
Central airway obstruction (CAO) is a pathological process that leads to airflow limitation at the level of the glottis, subglottis, trachea, and main bronchi. Correct diagnosis and treatment of CAO is an area of interest and concern for health professionals, given that this disease has the potential to cause significant morbidity and mortality.
The incidence and prevalence of CAO are unknown; however, the epidemiological characteristics of lung cancer worldwide and the increase in survival resulting from the use of treatments that are more efficient indicate that there is an increasing number of patients with invasion of the proximal airway. Ernst et al. (1) emphasize that 20-30% of patients with lung cancer develop complications related to CAO, whereas Cavaliere et al. (2) estimate that 35% of lung neoplasms cause obstruction of the trachea and main bronchi. Worrisome values have been published by Miyazawa et al., who state that CAO can affect 50% of patients with lung cancer. (3) In Portugal, the number of deaths from malignant tumors of the lung, trachea, and main bronchi increased from 1.5%, in 1981, to 2.28%, in 2008, which allows for speculation about an increase in the incidence of CAO. (4) Given the absence of specificity and the subjectivity of the symptoms that characterize CAO, there is a need to implement diagnostic methods that are efficient in evaluating this disease. Several studies have shown that rigid or flexible bronchoscopy is necessary for the definitive diagnosis of CAO, and that only by using these techniques is it possible to visualize and characterize the nature, degree, and extent of the lesions directly.
(5−7) Although these tests make it possible to acquire knowledge about the etiology and the structural nature of CAO, they are invasive and provide no information about the pathophysiological impact. Respiratory function testing, by means of analysis of flowvolume curves obtained from forced maneuvers, is the most appropriate method. (1, 8, 9) Flow-volume curves are a graphic representation of airflow determined at different volumes, having been used for detecting CAO since the late 1960s. They became a subject of interest when some authors proposed the ratio between forced expiratory and inspiratory flows at 50% of FVC (FEF 50% /FIF 50% ) ≥ 1 as the first quantitative diagnostic criterion for CAO. (10, 11) Subsequently, other criteria were made available, namely FEV 1 /PEF ≥ 10 mL . L −1 . min −1 , FIF 50% < 100 mL, and FEV 1 /FEV 0.5 ≥ 1.5. (12, 13) (14) Likewise, there are qualitative or morphological changes obtained from visual analysis of flow-volumes curves that can contribute to the diagnosis of CAO and that include the presence of a plateau on the inspiratory portion of the flow-volume curve (variable extrathoracic obstruction), a plateau on the expiratory portion of the curve (variable intrathoracic obstruction), and a plateau on the inspiratory and expiratory portions (fixed obstruction). (11, 12) Most studies on this topic were published many years ago, have methodological flaws, and show a lack of standardization. In addition, recent technological developments, namely those related to the diagnostic methods and the sophistication of the new spirometers, have not produced significant advances in this area. The generalized notion that the presence of the quantitative and qualitative criteria always raises the suspicion of CAO needs confirmation.
The primary objective of the present study was to determine whether flow-volume curves are a sensitive and specific method for detecting CAO. As secondary objectives, we sought to establish whether the quantitative criteria are associated with the location, type, and degree of obstruction; whether there is a criterion that best identifies the presence of CAO; whether CAO can be present without affecting the morphology of the curve; and whether there is an association between the degree of obstruction and the degree of dyspnea.
Methods
Between November of 2009 and April of 2010, we conducted a prospective, observational, cross-sectional study. The target population consisted of patients for whom bronchoscopy was clinically indicated. The patients were consecutively selected for the sample on the basis of the following inclusion criteria: being clinically indicated for bronchoscopy (with or without suspected CAO); being able to undergo respiratory function tests, especially flow-volume curve measurement; and giving written informed consent. The exclusion criteria included having 449 hemodynamic instability; being unable to undergo flow-volume curve measurement, meeting quality control standards; being under 18 years of age; having contraindications to undergoing bronchoscopy or flow-volume curve measurement; and declining to participate in the study. The study was approved by the Health Ethics Committee of the Northern Lisbon Hospital Center, and all of the patients gave written informed consent after the objectives of the study were explained to them, verbally and in writing.
Each patient underwent a brief physical examination, and the degree of dyspnea was determined by the Medical Research Council (MRC) 5-point scale. (15) Bronchoscopy was performed with a flexible bronchoscope (BF-P180, Olympus, Tokyo, Japan), which was introduced into the nasal or oral cavity and advanced to the vocal folds and lower airway, with the bronchial tree reached by the device being seen throughout its length, bilaterally. The changes were recorded according to the classification proposed by Freitag et al. to describe the degree, type, and location of obstruction. (16) The flow-volumes curves were measured by a cardiorespiratory technician with a previously calibrated plethysmograph (Vmax 6200; SensorMedics, Yorba Linda, CA, USA). The procedures were performed in accordance with the guidelines proposed by the American Thoracic Society/European Respiratory Society Task Force in 2005. (14) At least three flowvolume curves were measured, two of which were reproducible, meeting the recommended quality control criteria. The best curve was chosen on the basis of the sum of the best FVC and the best FEV 1 . Inspiratory values were calculated using the curve that obtained the best inspiratory effort, i.e., the greatest FIF 50% .
For each patient, the maximum interval between functional, clinical, and endoscopic evaluation was one week. The collected data were recorded on a form designed specifically for this study.
Subsequently, copies of the morphology of the flow-volume curves (without the quantitative parameters) were made, being compiled randomly. In order to determine agreement between the morphology of the curve and the identification or exclusion of CAO, four reviewers, who were experienced in performing respiratory function tests and interpreting their results and who were blinded to the results of the remaining evaluations (quantitative or bronchoscopic), were requested to classify the curves in terms of their morphology by means of a Likert scale: 1) not at all suggestive of CAO; 2) slightly suggestive of CAO; 3) reasonably suggestive of CAO and 4) highly suggestive of CAO. A fifth independent reviewer performed all quantitative and qualitative calculations for the curves.
The Statistical Package for the Social Sciences, version 17.0 (SPSS Inc., Chicago, IL, USA), was used for data treatment. The tests used included the nonparametric Mann-Whitney test (for ordinal variables measured in two independent samples) and Pearson's and Spearman's correlation coefficients (for nominal and ordinal variables). A binomial regression analysis was performed to determine the sensitivity and specificity of the flow-volume curves, with obstruction confirmed by bronchoscopy being the dependent variable and each of the quantitative and qualitative criteria of the curve being the independent variables. The sample was characterized using descriptive statistics. When applicable, the 95% or 99% confidence intervals of the tests used in this study were calculated.
Results
Over a four-month period, we consecutively evaluated 107 patients. Of those, 25 (23%) were excluded because they did not meet the inclusion criteria: 8 (32%) because it was not possible to determine the degree of obstruction; 6 (24%) because their flow-volume curve measurements failed to meet quality standards; 9 (36%) because they had hemodynamic instability; and 2 (8%) because they declined to participate in the study. Of the remaining 82 patients, 36 (44%) had CAO confirmed by bronchoscopy. The patients were divided into two groups: those with and those without CAO. The demographic characteristics are described in Table 1 , which shows the lack of statistically significant differences between the two groups in mean age, gender, and smoking history. Regarding the reasons (i.e., diagnoses) motivating bronchoscopy, the group of patients with CAO included 30 (83%) with malignant lung cancer and 6 (17%) with benign disease, whereas the group without CAO included 26 (56.5%) for whom malignant cancer was confirmed and 20 (43.5%) for whom benign disease was confirmed. Regarding the qualitative criteria, morphological changes in the curve were found in the presence of intraluminal obstruction (p < 0.01).
Regarding the correlation of the quantitative and qualitative criteria with the degree of obstruction, Spearman's correlation was used (Table 5) . We found that the two criteria that were most associated with the degree of obstruction were FEF 50% /FIF 50% ≥ 1 and FEV 1 /PEF ≥ 8 mL . L −1 . min −1 . For the quantitative and qualitative (morphological) criteria, this correlation was positive, i.e., a higher degree of obstruction translated to an increased likelihood of finding the aforementioned morphological changes and quantitative criteria.
Spearman's correlation was used to assess the presence of dyspnea and the location of obstruction. The presence of dyspnea was found to correlate with the obstruction being located in the upper third of the trachea (p < 0.05), as well as with the degree of obstruction (p < 0.05), this correlation being positive, i.e., a higher degree of obstruction translated to a higher patientreported degree of dyspnea.
Discussion
The present study demonstrated that the quantitative criteria of flow-volume curves have high sensitivity and high specificity in detecting CAO, and that the morphological criteria have low sensitivity but high specificity. These data underscore the need for careful inspection of the morphology of the curves, although the need for a quantitative evaluation of the values for all curves is mandatory.
The evaluation and treatment of patients with CAO require in-depth knowledge of its etiology, physiology, diagnosis, and treatment options. The study of each individual should include multiple aspects, chief among which are the clinical component (signs and symptoms), the pathophysiological impact (respiratory function), and imaging studies (chest CT and techniques for airway endoscopy). The compilation of such data, together with etiology, is an important factor in establishing prognosis, determining the need for treatment, or planning a future therapeutic intervention. Regarding etiology,
The sensitivity and specificity of the flowvolume curves were determined, and, at this point, the quantitative and qualitative criteria were used alone and in combination ( Table 2 ). The combined use of all of the quantitative and qualitative criteria was found to keep specificity high (89.8%), allowing an increase in sensitivity (93.9%).
With the purpose of determining whether professionals are attentive to the morphological aspects of flow-volume curves, a frequency count test and Spearman's correlation were used to assess agreement among the reviewers. The results show that the reviewers agreed among themselves, heading in the same direction with a 95% CI, i.e., they either headed in favor of or against the presence of obstruction.
The correlation of the quantitative and qualitative criteria with the location of obstruction was studied with the nonparametric Mann-Whitney test and Pearson's correlation (Table 3) . Statistically significant differences were found among the patients who met the criterion of having an FEF 50% /FIF 50% ≥ 1 for all locations, except for that in the middle third of the trachea. Both FEV 1 /PEF ≥ 10 mL . L −1 . min −1 and FEV 1 /PEF ≥ 8 mL . L −1 . min −1 were present when the obstruction was located in the lower third of the trachea or in the right main bronchus (RMB; p < 0.05). When the obstruction was located in the middle and lower thirds of the trachea, FEV 1 /FEV 0.5 ≥ 1.5 was present (p < 0.01). The qualitative criteria were associated with the obstruction being located in the middle and lower thirds of the trachea and in the RMB (p < 0.01).
Pearson's and Spearman's correlations were used to investigate a possible association of the quantitative and qualitative criteria with the type of obstruction (Table 4 ). The results showed that FEF 50% /FIF 50% ≥ 1 and FEV 1 
were associated with intraluminal and extraluminal obstruction. The criterion of having an FEV 1 / the study population included patients with CAO due to benign stenosis, in most cases following intubation, and due to malignant stenosis, in the context of tumor invasion of the proximal airway, which confirms the high prevalence of these diseases.
(1,2)
From a pathophysiological standpoint, the literature reports that, when CAO is mild, there can be little or no reduction in airflow, with the patient remaining asymptomatic at rest or dyspneic on exertion, and that, in the presence of marked obstruction of the trachea, symptoms occur at rest.
(1,5,9) Likewise, our results confirm an association between the degree of dyspnea and that of obstruction. In addition, we found that there is an association between any given degree of dyspnea, as measured by the MRC scale, and the presence of obstruction in the upper third of the trachea.
A factor of great importance is that this symptom is common to many diseases of the cardiorespiratory system, which is why the hypothesis of CAO is not often raised. The request of flow-volume curves is common in these patients, and our study shows the presence of CAO with no qualitative changes in the curve. We can speculate that this result is due to the number of smokers included in the group of patients with CAO. A significant smoking history can translate to underlying chronic obstructive pulmonary disease, which is likely to cause changes in the morphology of flow-volume curves, and this is consistent with the international literature. (1, 16) Quantitative calculations, performed systematically, would make it possible to increase the diagnostic yield for CAO.
There was good agreement among the individuals who reviewed the morphology of the flow-volume curves as to the presence or absence of CAO, which demonstrates that they were sensitized to the presence of morphological changes that could lead to the identification of CAO. These results are in line with those of Watson et al., who used a similar methodology to detect morphological changes in the flowvolume curve that were consistent with vocal cord dysfunction. (17) Recently, Sterner et al. evaluated 2,662 flow-volume curves in order to determine whether the changes of the inspiratory phase would be consistent with the presence of CAO. (18) In only 50% of the patients was the presence of CAO confirmed. Once again, this draws attention to the need to meet the quality criteria by means of the quantitative determination for all flow-volume curves.
Although the qualitative criteria were identified nearly 40 years ago, we found only two other studies conducted in order to assess the sensitivity of flow-volume curves in detecting CAO: that of Miller et al. (19) and that of Modrykamien et al. (20) The first study reports sensitivity values of 100% and specificity values of 78% for the qualitative criteria. The difference in the methodology used, namely the study population (100% of patients with goiter and extrinsic compression), could explain the observed difference from our results, because our patients mostly had intraluminal disease of malignant origin.
The second study demonstrates that the qualitative criteria have a sensitivity of 5.5% and a specificity of 93.6%. These results are in line with those found in our study. The methodological similarity shared by the two studies, namely the characteristics of the study population, may have led to this closeness of results.
When the morphological changes were associated with the location of obstruction, the results indicate a correlation of the quantitative criteria with obstruction in the lower two-thirds of the trachea and in the RMB. These data are in line with those of a study by Hira & Sing, (21) who found morphological changes in the curve that were associated with obstruction at the level of the trachea.
Regarding the association with the type of obstruction, it was only possible to find it in the presence of intraluminal obstruction. Most patients with CAO (75%) had this type of obstruction, and, finding no studies in the literature that support these results, one can infer that, because of the small number of patients with this type of changes in our sample, other associations were not found.
Our results showed that FEF 50% /FIF 50% ≥ 1 was the most common quantitative criterion in patients with CAO (in 83%), similarly to what was published in the studies of Miller & Hyatt, (10) of Yernault et al., (11) and also of Das et al., (22) who found this criterion in 86.5% of their sample. In addition, this criterion was found to be associated with all locations of CAO, except for that in the middle third of the trachea. The study of Rotman et al. (13) and that of Hira & Sing (21) were similar, associating this criterion with the presence of extrathoracic obstruction.
The second most prevalent criterion in this study was FEV 1 /PEF ≥ 8 mL . L −1 . min −1 (in 36% of our sample). Previous studies suggest that this criterion is extremely important in detecting CAO, as in the study of Miller et al., (21) who found a specificity of 94% and a specificity of 64% in patients with CAO due to goiter. Similar results were also found by Brooks & Fairfax, (23) who identified the presence of this criterion in a study presenting three cases of patients with CAO confirmed by flexible bronchoscopy.
Similarly to the previous criterion, FEV 1 /PEF ≥ 8 mL . L −1 . min −1 was associated with CAO in the lower third of the trachea or in the RMB, as well as with intraluminal and extraluminal obstruction. Once again, we emphasize that our results are original, given that there are no other studies in the scientific literature that have sought to answer this question.
We underscore the need for future studies on this topic. Some of our questions of investigation could not be compared with those of previous studies because there are no such studies. It is possible that the methodology of the present study, namely the sample size, which did not allow us to assess a significant number of patients with each degree of obstruction and each location of obstruction, may have contributed to our results. In the future, we suggest a study involving a larger sample size in order to form significant groups of patients with CAO in different locations.
The present study showed that flow-volume curves contribute significantly to the detection of CAO, and that these curves can lead to a more rapid diagnosis, translating to economic benefits and predominantly to benefits in patient quality of life.
